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(57) Abstract 

Method and assembly for the preparation of a gas mixture 
intended for medical treatment via the respiratory system^ 
means of a treatment gas. such as nitrogen monoxide.. The 
gas mUiure is prepared by introducing the treatment gas 
with an uniform flow into an oxygen-containing gas. after 
which the compound mixture is brought through an absorber 
(17), arranged to absorb unwanted products from the reaction 
between the oxygen and the treatment gas. 
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TITLE: 

Method and apparatus for medical treatment via 
respiratory organ. 

TECHNICAL FIELD: 

The present invention relates to a method and an assembly 
for the preparation of a gas mixture for medical treatment 
by means of medically active compounds supplied via the 
respiratory system of a patient. The supply of nitrogen 
monoxide is thereby especially referred to. 


15 PRIOR ART: 

The oxygenation which the patient himself can bring about 
through his respiration is, in certain medical conditions, 
insufficient. In not too severe conditions, it may be 
sufficient to supply additional oxygen gas in the 

20 inhalation. air and in other cases furthermore a compulsory 
pulmonary ventilation. In certain conditions, e.g. severe 
weakness conditions, or during the period of intensive care 
after a major operation, and also during cardiac or 
pulmonary operations, not even the use of respirator and 

25 raised oxygen level is sufficient in order to achieve a 
satisfactory oxygenation. A reason for this has turned out 
to be that a compound important for the uptake of oxygen 
from the pulmonary vesicles, namely nitrogen monoxide, 
which improves the adaptation between inhaled oxygen and 

30 the blood flow passing the lungs in order to be oxygenated, 
is produced by the patient to an extent which is too small. 
Through this discovery the solution has been reached of, in 
said severe conditions, improving the ventilation- 
circulation conditions by means of the addition of nitrogen 

35 monoxide (NO) to the inhalation air in a highly determined 
proportion. It has thereby been shown that a grave lack of 
oxygen in the blood may be corrected. 

It itf important that NO is added in a proportionally minute 
40 amount, which is accurately regulated and which is 
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determined for each separate treatment case. Assemblies 
have therefore been developed with a mechanical ventilator 
and an accurately working mixing equipment for the gases 
which are to be supplied to the patient: air, oxygen and 
5 nitrogen monoxide in nitrogen gas . 

An assembly of the described type will be very complicated 
and has to be provided with electronically controlled 
valves, which ensure that the correct amounts of said gases 
10 are supplied to the patient in a correctly tuned 
respiratory rhythm. 

In order to avoid the need to acquire such complicated and 
costly equipment in its entirety, when said treatment is 

15 needed, attempts have been made to produce apparatuses, 
which are a complement to the mechanical ventilators always 
to be found in intensive care departments, which 
ventilators are arranged for an automatic, rhythmical 
supply of an inhalation gas to the patient. The thought 

20 behind this has been to set up a supplementary equipment 
for the supply of the treatment gas, NO, to the gas flow 
emitted from the ventilator to the patient. 

Such a supply apparatus is known from EP, Al, 0 589 751- To 
25 this is connected a supply conduit for the treatment gas to 
the outlet from a ventilator, where said outlet is 
connected to a patient system consisting of a supply tube, 
the inhalator portion, and an outlet tube, the expiratipn 
portion, connected together next to the patient with an Y- 
30 coupling. 

The normal respiratory gas is supplied to the patient in an 
even rhythm, meaning that the flow in the inhalator portion 
is at its maximum during inhalation and zero during 
35 expiration. In order to be able to obtain an uniform 
concentration of the supplied NO-gas, the NO-supply must be 
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synchronized with the ventilation by means of a valve 
controlling the supply r making it occur only during active 
inhalation, which leads to a uniform concentration of NO in 
the gas inhaled by the patient. In order to achieve this, 
5 the supply conduit is provided with a valve, which is 
arranged to open when an over-pressure in a special conduit 
from the ventilator indicates that gas for inhalation is 
supplied. In this way, the gas supply is brought to occur 
rhythmically during the inhalation moments. 

10 

Such an arrangement will be relatively complicated, partly 
because the rhythmically working dosing equipment in itself 
will be complicated, and partly because the two systems, 
ventilator and dosing apparatus, have to be connected 
15 together and adjusted to produce a supply of a mixture with 
the correct proportions. 

In order to simplify the system it has, in other 
connections, been proposed to supply the treatment gas in 

20 the inhalator portion of the patient system after the 
ventilator in an accurately controlled, continuous flow. 
However, when treating with NO, this causes the gas inhaled 
by the patient to obtain a varying concentration because 
the continuous NO-f low has arrived in the inhalator portion 

25 of the respiratory system during inhalation with a high gas 
flow, leading to a low NO-concentration, and during 
expiration when the gas stands still in the respiratory 
system and may cause extremely high peaks of the NO- 
concentration in the gas subsequently inhaled by the 

30 patient. The non-uniform mixture leads to NO of a high 
concentration coming into close contact with oxygen gas of 
a high concentration, which leads to the formation of 
nitrogen dioxide, which is extremely poisonous and the 
amount of which must be minimized. A non-uniform mixture 

35 also causes the lungs to receive different concentration of 
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the treatment gas in different parts, which might cause a 
deteriorated treatment result. 

SUMMARY OF THE INVENTION: 

The above-mentioned possibility of simplification, to 
supply the treatment gas in a continuous uniform flow, is 
utilized in the assembly according to the invention. 
According to the invention, the above-mentioned 
disadvantage of non-uniform NO-concentration in the inhaled 
gas and subsequent formation of NO2 is, however, avoided by 
supplying the NO-gas continuously to a mixing chamber in 
the inhalator portion of the respiratory system and 
thereafter alowing it to pass through a chamber with a 
material which especially absorbs N02. 

Thus, one obtains a simple apparatus, but avoids the 
quality of the gas flow becoming difficult to control. In 
order to increase the accuracy of the dosage beyond what is 
possible by controlling the continuous gas flow, one can 
ensure that the resulting NO-content does not exceed a 
chosen limit by analysing the inhalation gas and arranging 
for influence on the dosage flow of NO to be controlled by 
the measured value for NO and/or N02* 

25 DESCRIPTION OF THE DRAWINGS: 

The enclosed drawing is shows an embodiment of the 
invention in a block diagram. 

PREFERRED EMBODIMENT: 

30 A block diagram of the assembly according to the invention 
is shown in the drawing. The assembly may be said to 
comprise three main components: a ventilator 1, a device 2 
for supply of the treatment gas and for proportioning of 
the same, and a patient system 3. The ventilator 1 is 

35 arranged to rhythmically supply breathing gas to the 
' patient system 2 and through this on to the patient in 
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20 
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order to maintain the breathing of the same. Such 
ventilators with control and checking devices are well 
known from the technique of intensive care and anaesthesia 
and need not to be closer described herein. However, it 
5 should be mentioned that there is a supply conduit 4 for 
oxygen, O2, to the ventilator 1, and a supply conduit 5 for 
air. A conduit 6 leads from the ventilator for the supply 
of breathing gas, accordingly a tuned mixture of the gases 
from the supply conduits 4 and 5, to the patient, and a 

10 conduit 7 for the reception of gas from the patient. The 
gas which is supplied to the patient system from the 
conduit 6 is, as understood, designed for the inhalation of 
the patient and the conduit 7 is designed for receiving gas 
from the expiration of the patient. In the conduits or the 

15 ventilator there are valves, which ensure that the gas flow 
only occurs in the specified direction. This direction of 
flow is shown with arrows in the drawing. Further, it is 
shown in the drawing that the ventilator may be provided 
with an additional connection 8. From this a measurement 

20 test result, specifying the volume of breathing gas 
received by the patient, can be emitted in the form of an 
electric signal or a gas pressure. Such connections for 
said measurement signal exist on most ventilators. 

25 The design of the patient system is also well-known but yet 
it is shown in the drawing, that a collection conduit 19, 
via a Y-coupling 11, is connected to the conduits 6 and 7 
from the ventilator 1 . The collection conduit 10 in turn is 
connected to the respiratory organs of the patient, 

30 preferably through a tube inserted into the windpipe of the 
patient . 

The connection between the patient system 3 and the 
ventilator 1 for the expiration gas, consequently the 
35 conduit 7, may, as shown in the drawing, be made directly 
without any other instruments than said valves. The 
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connection between the patient system and the conduit 6 is 
on the other hand made via the device for supply of the 
treatment gas . 

5 The device 2 for supply of the treatment gas consists of 
the following main parts: a source for supply of the 
treatment gas. A gas bottle 12 is shown here and since it 
is presumed here that the treatment gas is nitrogen 
monoxide, NO, in nitrogen gas, the gas bottle is 

10 accordingly filled with this gas under pressure. Further, 
there is included a mixing chamber 13, to which is 
connected a conduit 14, connected to the gas bottle 12 and 
to the conduit 6 for the reception of inhalation gas from 
the ventilator 1. Some type of flow-affecting member 15 for 

15 the intimate mixing of the breathing gas from the 
ventilator and the treatment gas from the gas source may be 
inserted in the mixing chamber 13. Further, the mixing 
chamber 13 has an outlet 16 to an absorption chamber 17. 
The absorption chamber contains a compound which absorbs 

20 nitrogen dioxide, NO2/ but on the whole not NO, O2 or N2. 

Such a compound may be soda- lime, the use of which is known 
from the technique of anaesthesia. From the mixing chamber 
17 the gas purified from NO2 may be emitted to the Y- 
coupling 11 of the patient system via a conduit 19. 

25 

As mentioned it is very important that NO is proportioned 
very accurately in proportion to the breathing gas from the 
ventilator and thereby in a minute proportion. This is 
achieved by controlling the supply to the mixing chamber 
30 13, via the conduit 14, very accurately. For this purpose 
a control valve 20 is arranged in the conduit 14 between 
the gas source 12 and the mixing chcunber 13. 

One form of control by means of the control valve 20 is to 
35 measure the proportion of NO directly before the patient 
' system 3. This can be done by supplying gas samples to a 
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gas analyzer 22, said gas samples Being drawn off via a 
conduit 23 from the gas supply conduit for the inhalation 
gas with the treatment gas added, after the absorption 
chamber 17 and preferably as close as possible to the 
5 patient connection. 

The gas analyzer 22 may be adjusted to a set point, adapted 
to the treatment case in question, for the proportion of 
treatment gas in the inhalation gas. The gas analyzer is 

10 thereby set up to emit a preferably electrical signal, via 
a wire 24, to the thereby electrically controlled control 
valve 20. The system is thereby adapted to, when the set 
point is exceeded, give a signal to the control valve, 
which causes the amount of NO supplied from the gas source 

15 to decrease, and vice versa if the set point is not 
reached. 

A simplification may be achieved if the analyzer is only 
arranged for controlling a reduction of the treatment gas 
20 flow when a certain set point for NO and/or N02 is 
exceeded . 

Gas analyzers of this type, adapted for the emission of a 
control signal when the set point for the content of a 
25 certain gas in a gas mixture is deviated from, are earlier 
known and several types are found on the market. 

As an alternative or complement to regulating by means of 
a gas analyzer, the previously mentioned signal connection 

30 8 of the ventilator may be used. This is indicated with the 
dot-lined wire 25 from the output 8 to the control valve 
20. Since the signal from the output 8 indicates the amount 
of breathing gas supplied to the patient, the amount of 
supplied treatment gas may be determined, on the basis of 

35 the desired proportion. If the signal from the output 8 
shall be used as the only means of regulation, it is still 
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necessary to arrange a gas analyzer for determining that a 
correct starting point for the proportioning is obtained. 
The flow through the valve is thereby tuned to the amount 
of breathing gas supplied during the measurement. If this 
5 amount thereafter fluctuates, these fluctuations, expressed 
as a fluctuating signal from the output 8, may be used for 
such a regulation of the valve 20 that the set proportion 
is maintained. 

10 It is also possible to realize the control system for 
regulation in two steps, so that, in a first step, a coarse 
regulation is done by means of the signal from the output 
8, and a fine regulation is done by the signal from the gas 
analyzer . 

15 

By supplying the treatment gas, in accordance with the 
invention, in a continuous flow, when mixing with the 
breathing gas, a simplified equipment is obtained compared 
to batch-wise addition, especially concerning the devices 

20 for regulation of the gas proportions. Further, a very 

satisfactory mixing of the entering gases is made possible, 
so that the supply of the treatment gas to the patient 
occurs uniformly all the time. Moreover, the content of NO2 
may be kept at a very low level. In systems of this type, 

25 for treatment with NO, there namely occurs a reaction in 
the contact between NO and O2, so that NO is oxidized to 
NO2. This gas is poisonous and one should as far as 
possible avoid supplying it to the patient. At the same 
time this oxidization reduces the remaining content of NO, 

30 something which is negative for the treatment result. This 
reaction cannot be avoided completely in any system where 
NO and O2 are mixed, but the closer to the respiratory 
system of the patient the mixing occurs, or rather the more 
accurately the proportions of the different compounds can 

35 be controlled, the better is the obtained treatment result. 
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According to the invention, the mentioned advantages from 
an operational point of view are achieved by, after the 
mixing of the breathing gas and the treatment gas, bringing 
this mixture through an absorber for the removal of 
5 unsuitable and harmful reaction products before it is 
supplied to the patient. As mentioned, it is presumed 
herein that the treatment gas is NO, but it should not be 
excluded that also other treatment gases may give harmful 
reaction products, which may be removed by an absorber 
10 adapted for this purpose. 
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5 CLAIMS : 

1 . Method for preparing a gas mixture 
intended for medical treatment via the respiratory system 

10 of a patient, by means of active compounds added to the 
gas, in the form of a treatment gas, such as especially 
nitrogen monoxide, whereby the gas mixture is prepared for 
the supply to the patient which occurs in a rhythmically 
varying pressure course, characterized in 

15 that the gas mixture is prepared by intermixing the 
treatment gas into a gas containing oxygen, which treatment 
gas has the inclination to form reaction products 
undesirable for supply to the patient, in a uniform flow 
and well distributed in said gas, after which the compound 

20 mixture is brought through an absorber (17) arranged to 
absorb said reaction products for the final preparation of 
the gas mixture before the supply to the patient. 

2. Method according to claim 1, 

25 characterized in that the gas mixture, after 
having left the absorber (17) by means of a gas analyzer 
(22), is analyzed regarding its content of treatment gas, 
during determination of a set point for its proportion, 
whereby the analyzer is arranged to emit a control signal 

30 to a control valve (20), for regulation of the flow of 
treatment gas to the absorber together with the other 
components of the gas mixture, in such a way that when the 
set point is exceeded, the gas flow is reduced by means of 
the control valve and is preferably increased, when the set 

35 point is not reached. 

3. Method according to claim 1, 
characterized in that the amount per unit of 
time of prepared gas mixture for supply to the patient is 

40 measured during the course of the treatment and that 
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variations in the gas amount are allowed to influence a 
control valve for the supply of the treatment gas during 
preparation of the gas mixture, in such a way that the 
amount of the treatment gas admixed by means of the valve 
5 is increased when, increased preparation and supply of the 
breathing gas mixture is measured, while the amount of the 
treatment gas is reduced on reduced supply of the breathing 
gas mixture. 

IQ 4, Method according to claims 2 and 3, 

characterized in that the regulation of the 
amount of supplied treatment gas, by means of the gas 
analyzer (22), is used as fine regulation and is preceded 
by a coarse regulation by means of measurement of the 

15 . amount of the supplied breathing gas mixture. 


5^ Assembly for carrying out the method 

according to any one of claims 1-4 and comprising a 
ventilator (1), arranged for supply of a breathing gas 

20 mixture containing oxygen to a patient via a breathing 
system (3), whereby an outlet (6) is arranged for supply of 
said gas in a rhythmically fluctuating pressure course to 
a patient system (3) arranged for connection to a patient, 
for the inhalation of the patient, and an inlet (7) which 

25 is connected to the patient system (2) for reception of the 
expiration gas of the patient, and is provided with a 
device (2) for supply of treatment gas, preferably nitrogen 
monoxide, during preparation of the breathing gas mixture 
characterized in that the device for supply 

30 of the treatment gas exhibits a mixing chamber (13) to 
which both the said outlet (6) from the ventilator (1), and 
a conduit (14) from a source (12) of the treatment gas, are 
connected, that the mixing chamber (13) has an outlet (16) 
to an absorber (17), which is arranged to absorb products 

35 from reaction between treatment gas and compounds in the 
breathing gas, for instance with nitrogen monoxide as a 
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treatment gas, nitrogen dioxide through the reaction with 
oxygen in the breathing gas, and that the absorber with an 
outlet (19) is connected with a short flow- path to the 
patient system (3). 

5 

6. Assembly according to claim 5, 
characterized in that, a control valve (20) 
is arranged for the regulation of supply of the treatment 
gas to the treatment chamber in a principally uniform flow. 

10 

7. Assembly according to claim 6, 
characterized in that for the control of the 
control valve (20) a gas analyzer (22) is arranged, which is 
adapted to be supplied with gas samples from the outlet 

15 (19) from the absorber (17) next to the patient system (3) 

and adapted for the setting of a set point for the content 
of treatment gas in the gas mixture brought to the patient 
system, and arranged to emit a control signal to the 
control valve (20) for reducing the gas flow by means of 

20 the control valve when the set point is exceeded and 
increasing the flow when the set point is not reached. 

8. Assembly according to claim 6, 
characterized in that the ventilator (1) is 

25 provided with an output (8) for a control signal, the value 
of which is proportionally dependent on the amount, per 
unit of time, of breathing gas supplied to the patient 
system (3), and that the control valve (20) is arranged to, 
by influencing said control signal, increase the amount of 

30 supplied breathing gas when an increased amount of 
breathing gas emitted from the ventilator (1) is indicated, 
and to reduce the flow of treatment gas when a reduced 
amount of breathing gas is indicated. 


35 
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